Abstract. This study was aimed at elucidating the importance of original Pb-speciation versus soilcharacteristics to mobility and distribution of Pb in industrially polluted soils. Ten industrially polluted Danish surface soils were characterized and Pb speciation was evaluated through SEM-EDX studies, examination of pH-dependent desorption, distribution in grain-size fractions and sequential extraction. Our results show that the first factors determining the speciation of Pb in soil are: (1) the stability of the original speciation and (2) the contamination level, while soil characteristics are of secondary importance. In nine of ten soils Pb was concentrated strongly in the soil fines (<0.063 mm). In all soils, particles with a highly concentrated Pb-content were observed during SEM-EDX. In eight of the soils, the particles contained various Pb-species with aluminum/iron, phosphate, sulfate and various metals (in solder and other alloys) as important associates. In the one soil, where Pb was not concentrated in the soil fines, Pb was precipitated solely as PbCrO 4 , while pure (metallic) Pb was repeatedly observed in the last soil. Pb was bound strongly to the soils with >50% extracted in step III (oxidizing) and IV (residual) of sequential extraction for all soils but one. A significant amount of exchangeable Pb existed only in severely contaminated soils, where the bonding capacity of organic matter and oxides was exceeded. Among soil constituents, Pb was observed to adsorb preferentially to feldspars and organic matter while presence of phosphate increased the strength of the Pb-bonding in phosphate-rich soils.
Introduction
Soil is a sink for anthropogenic Pb, which accumulate in surface soil due to its low solubility and high affinity for adsorption. Knowledge on the adsorption capacity of single soil components for Pb has been established by addition of soluble Pb-salts to uncontaminated soils and soil constituents with more or less well defined characteristics. When considering industrially polluted soils where Pb-species such as metallic Pb and insoluble organics or inorganics often constitute the original contamination, less is known about the distribution and fate of Pb, although such knowledge is essential to perform realistic risk-assessment and evaluation of remediation possibilities. In this work, a short review of the existing knowledge on speciation of Pb in soil is given, followed by examination of ten industrially Pb-polluted soils concerning soil characteristics, Pb association as evaluated by SEM-EDX and strength of Pb-bonding through extraction with acid/base and sequential extraction. SEM-EDX studies give a qualitative impression of the Pb-speciation which is useful in the study of urban Pb-contaminated soils where Pb from various and often unknown sources result in the presence of a number of chemical forms, crystalline as well as amorphous, for which identification is a challenge as discussed by Manceau et al. (1996) . The speciation of Pb in each soil is discussed with respect to mobility and stability, and the relative importance of soil constituents is evaluated through correlation between soil constituents and the speciation as revealed by sequential extraction.
Background
The chemistry of Pb in soils is affected by: (1) specific adsorption or exchange adsorption to the mineral matrix; (2) precipitation of sparingly soluble compounds; (3) formation of complexes with organic matter (Adriano, 1986) . In this section current knowledge on the three types of bonding is summarized. Already in 1975 it was stated that the affinity for Pb among soil constituents is in the order: humus>clay minerals>Fe hydroxides (Hildebrand and Blum, 1975) , and it was observed that soil affinity for lead is high compared to other metals. Later it was suggested that the selectivity of mineral and organic soils towards heavy metals correspond to the order of increasing pK's of the first hydrolysis product of the various metals (e.g. et al., 1986) , an observation which is confirmed in several investigations (Aualiitia and Pickering, 1987; Papini et al., 2004; Pinskii and Zolotareva, 2004; Puls et al., 1991; Yong and Phadungchewit, 1993b) . Through modeling of Pb adsorption onto a sandy loam it was indeed shown that PbOH + and Pb(OH) 0 2 species are favorably adsorbed onto soil compared to the Pb 2+ ion (Weng, 2004) . It should be noted that this adsorption mechanism only prevail at pH values above 4 or 5. At lower pH-values, the order is changed, although Pb is still preferentially adsorbed (Yong and Phadungchewit, 1993a).
ADSORPTION TO THE MINERAL MATRIX
In a study of Pb uptake by 14 different minerals and soil materials, Pb-uptake was found to takes place at pH values well below that of hydroxide precipitation. Among the pure clay-minerals, smectite and bentonite (montmorillonites) had a higher adsorption capacity than illite and kaolinite (Arnfalk et al., 1996) . Another study, involving adsorption of trace levels of Pb to several inorganic particulates, the following uptake-sequence was found: Mn(IV) oxides > Fe(III) oxides > Al(OH) 3 > illite > montmorillonite kaolin (Aualiitia and Pickering, 1987) . The contrasting results concerning illite and montmorillonite are explained by a difference in the experimental procedure, where the latter study used 1 M sodiumacetate as background solution, resulting in decreased adsorption to particularly
